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Chapter 1

Summary



1. Summary

1.1 Purpose

The purpose of CALFED’s Economic Evaluation of Water Management Alternatives
(EEWMA) is to provide an initial screening, based on cost-effectiveness, of different
combinations of water management options to meet California’s anticipated agricultural
and urban water demand in 2020. The evaluation provides information on the likely
magnitude of 2020 agricultural and urban demands, how demands are affected by the
future price of water, the supplies available to meet those demands, and the most cost-
effective combination of those supplies. In this analysis, cost-effective is defined as the least
costly mix of water supply measures for which a user is willing to pay.

Many of the cost and yield estimates used in this evaluation are reconnaissance level and do
not reflect detailed hydrologic and engineering studies. Therefore, the results in this report
cannot be used to make final decisions on water management strategy. Results do indicate
that, based on this level of analysis, no water management option types or management
scenarios can be eliminated from further assessment. More detailed hydrologic and
economic assessments are recommended to further the assessment.

1.2 Approach

The approach used in this analysis was developed, with input from stakeholders and
economists, to analyze supply and demand at a screening level of detail using existing
information and accounting for uncertainty. It includes the development of supply data,
demand functions, and preference sets. A screening analysis, using this information, then
produces water supply scenarios.

Existing sources of information include reports and unpublished information from CALFED,
the California Department of Water Resources (DWR), the U.S. Bureau of Reclamation
(Reclamation), and numerous other agencies. Stakeholders also provided additional
information and documentation on subjects, including 2020 water demand, the costs of
water transport, treatment, and distribution, market incentives, and supply measures.

Dry-year supply and demand conditions were used for the evaluation. Depending on the
source of information, the dry condition was defined as the 20 percent (i.e., one-in-five) driest
years or the average condition during the 1928-34 critical period.

This report documents:
e The identification of supply measures (cost and quantity) available to meet demand
e The 2020 agricultural and urban demands for water, or “willingness-to-pay”

e The development of stakeholder water management preference sets

SAC\136472/0CT99\001.D0C 1-1



1. SUMMARY

e The lists of the most cost-effective supply measures (scenarios) necessary to meet
demands subiject to preference sets.

1.2.1 Supply

Supply data were developed by identifying individual supply measures. Water supply
measures are specific individual projects or actions; they are characterized with regard to
dry-year water supply and cost. Water supply measures are grouped into option types.
Water supply option types include urban and agricultural water-use efficiency (WUE),
urban recycling, land fallowing, active conjunctive use, new surface storage, and other
measures, such as Colorado River deliveries, South Delta improvements, and local projects,
including desalination.

In this analysis, the term “water transfers” refers to the means by which water supply from
any measure can be transported from its place of origin to a place of use. This is in contrast
to restricting water transfers to only those supplies made possible through agricultural
water conservation or land fallowing.

1.2.2 Demand

Demand functions were developed for agricultural and urban water users. The demands
for water are expressed in terms of the price of new water supply and a water user’s
willingness to purchase that supply. The demand regions include agricultural regions
(Tulare Lake, Sacramento River, and San Joaquin River) and urban regions (San Francisco
Bay and South Coast).

Urban Best Management Practices (BMPs) and agricultural Efficient Water Management
Practices (EWMPs) are assumed to have been implemented. Demand in each region is
assumed to have been reduced by the corresponding amount. Urban BMPs total

804 thousand acre-feet (TAF) and agricultural EWMPs total 396 TAF.

In this analysis, environmental water demand is assumed to have been met before meeting
2020 agricultural and urban demands. The Central Valley Project Improvement Act (CVPIA)
Programmatic Environmental Impact Statement (PEIS) (Reclamation, 1997) evaluated
environmental demand at up to 710 TAF, in addition to water that has already been
reallocated to the environment. The annual cost of acquiring that water is estimated to be
$142 million (Chapter 5). Because the CALFED Environmental Restoration Program (ERP) is
not complete, the 710 TAF estimate is used in this analysis. It is assumed that the least
expensive water from land fallowing would be purchased from willing sellers to meet
environmental demand. Consequently, the least expensive land fallowing is not available to
meet 2020 agricultural and urban water demand.

It should be noted that the precise mechanism to meet environmental demand or provide
environmental water has not been resolved. If the assumed water purchases for environ-
mental restoration do not occur, then the less expensive water from land fallowing would be
available for meeting agricultural and urban demand.

1-2 SAC\136472/0CT99\001.D0C



1. SUMMARY

1.2.3 Preference Sets

The preference sets were developed for an unconstrained condition and for various
stakeholders. By definition, the unconstrained condition refers only to water supply options
and does not limit the inclusion of any particular option type.

The stakeholder’s preference set reflects a stakeholder’s judgment about the desirability of
different water supply option types. Stakeholder groups include Environmental, Urban
Delta Exporters, Urban In-Delta Diverters, Delta Agriculture, Sacramento Valley Agricul-
ture, and San Joaquin Valley Agriculture. These stakeholder judgments are translated into
“rules” or requirements to include or exclude particular water supply option types or
portions thereof. The preference sets also specify rules for cost allocation and pricing of new
water supply. Allocation of costs captures stakeholder preferences regarding subsidies and
the distribution of costs among beneficiaries.

Consistent with CALFED principles and policies, an isolated facility for conveying water
across the Delta is not included as a potential water supply measure in the main preference
sets. An isolated facility does improve the quality of water that is exported from the Delta
and, given current water treatment technology, reduces the cost of supplying water to the
urban end user. The cost and water quality implications of an isolated facility are assessed
in a set of sensitivity analyses in this report.

1.2.4 Screening Analysis

Scenarios are developed from the screening analysis utilizing the supply data, demand
functions, and stakeholder preference sets. The screening analysis links supply measures
with demand regions and adjusts for costs at the place of use. The cost adjustments, either
cost savings or additional costs, include the cost for transporting the water to its destination
for use, the cost for reapplication and water quality, and the cost for treatment and
distribution. A list of the most cost-effective supply measures necessary to meet demand,
subject to a stakeholder preference set, is then developed for each stakeholder and the
unconstrained condition. This list of water supply measures is a scenario.

1.2.5 Uncertainty

Planning for future California water demand must include consideration of uncertainty.
Sources of uncertainty include future demand and institutional conditions, future
technology, and uncertainty in regard to the current supply and cost estimates. Although
the time frame for this analysis is 2020, California’s water demand will continue to grow,
and planning beyond 2020 is necessary. The preference sets capture a range of uncertainty
regarding the implementability of water supply option types and uncertainty about future
policies, regulations, and laws. To further address uncertainty, sensitivity analyses were
performed addressing the isolated facility, water treatment technology and cost, market
incentives for land fallowing, Delta loss factors, urban demand elasticities and forecasts,
supply from new surface storage, and conjunctive use.

Other features of water management, such as flexibility and avoiding irreversible changes in
the environment, are not quantified or considered in this report. They should be considered
in CALFED decisionmaking along with costs and other planning criteria.

SAC\136472/0CT99\001.D0C 1-3



1. SUMMARY

1.3 Results

1.3.1 Unconstrained Scenario

Table 1-1 shows the least costly supply options for which urban and agricultural water users
are willing to pay. Urban demand is met when marginal retail costs are slightly greater than
$1000 per acre-foot. Water supply measures from all option types are included in the
Unconstrained scenario for new urban water supply.

The least expensive measures ($400 to $800 per acre-foot) are represented by these option
types: urban recycling; urban and agricultural WUE; and other measures (Colorado River
Aqueduct deliveries, South Delta improvements, and local projects). This group of measures
provides approximately 866 TAF of new water supply.

Almost 2 million acre-feet (MAF) of new urban water supply is available in the retail cost
range of $800 to $1200 per acre-foot. The supply function is relatively flat in this cost range.
Given the uncertainty in both the supply and demand data used in this analysis, there is
little basis to differentiate supply measures in this range based solely on costs. For example,
it is possible to eliminate either new surface storage or land fallowing from consideration
and still meet demand without a great effect on price. On the other hand, there is no cost
reason to eliminate either of those option types from consideration.

It should be noted that all scenarios include significant amounts of supply from local supply
measures, including recycling, conservation, local conjunctive use, and Colorado River
supplies. For example, in the South Coast Region, over one million acre-feet (about 60
percent) of the new supply in the Unconstrained scenario would come from supply
measures implemented within the Region.

Urban recycling is more cost-effective in the San Francisco Bay Region than in the South
Coast Region because of the avoided cost of wastewater treatment and disposal. In the
Unconstrained scenario, recycling makes up about 15 percent of new water supply in the
South Coast Region. However, in the San Francisco Bay Region, recycling makes up about
50 percent of new water supply.

There is little willingness-to-pay (less than $200 per acre-foot) for new agricultural water
supply. In the Unconstrained scenario there are few water supply measures available at that
cost. No (or minimal) new supplies were identified for the Sacramento River and San
Joaquin River Regions. Active conjunctive use, particularly the Kern Water Bank, is within
the Tulare Lake Region’s willingness-to-pay.

1.3.2 Stakeholder Scenarios

The scenarios developed from the various stakeholder preference sets show the following
additional results, as summarized in Figures 1-1 and 1-2.

Urban demand is relatively unresponsive to changes in price. Inclusion of more costly
measures in a scenario has little effect on total new urban water demand. Therefore, there is
little change in total demand among the scenarios. Although the total demands are similar,
the total dry-year cost for new urban supply, including costs for local treatment,
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1. SUMMARY

TABLE 1-1
Summary of New Water Supplies for the Unconstrained Preference Set

Total Potential Demand for New Supplies in Each Region

Measures to Meet Demand

Region Demand (TAF) Option Types Agricultural (TAF) Urban (TAF)

South Coast (Urban) 1,764 Urban Recycling 0 318
San Francisco Bay (Urban) 212 Urban WUE 0 501
Sacramento River (Agricultural) 0 Agricultural WUE 4 97
San Joaquin River (Agricultural) 14 Land Fallowing 0 138
Tulare Lake (Agricultural) 400 Conjunctive Use 377 209
Total 2,390 Surface Storage 0 361

Other (Canal Lining, Desalination, South Delta Improvements) 33 353

Cost Ranges for Available Supplies

Marginal Cost Range (for End User)

$0 - $200 $200 - $400 $400 - $600 $600 - $800 $800 - $1000 $1000 - $1200
Urban Water Supply®
New Supply Quantity 0 TAF 25 TAF 314 TAF 527 TAF 979 TAF 1009 TAF
Measures Include Urban Recycling Urban WUE Agricultural WUE Land Fallowing
Agricultural WUE Canal Lining South Delta Improvements Conjunctive Use
Urban WUE Local Conjunctive Use Urban Recycling Groundwater
Desalination
Groundwater Desalination  Surface Storage Agricultural WUE
Urban Recycling Conjunctive Use Surface Storage
Local Agricultural WUE Urban WUE Urban WUE
Land Fallowing
Agricultural Water Supply
New Supply Quantity 414 TAF 0 TAF 0 TAF 0 TAF 0 TAF 0 TAF
Measures Include Agricultural WUE
South Delta
Improvements

Conjunctive Use

@Urban water supply costs include cost for treatment, distribution, and urban overhead cost.

SAC\136472/0CT99\001.D0C
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1. SUMMARY

distribution, and administrative overhead, ranges from $1.92 to $2.31 billion. The mix of
option types also differs among the scenarios due to stakeholder preferences.

Urban WUE plays a substantial role (300 TAF to 400 TAF) in all of the scenarios except for the
Urban Delta Exporter’s scenario. Key Delta exporters believe, based on their best estimates of
cost and effectiveness, that additional WUE beyond the planned BMPs would not be cost-
effective in the South Coast Region. Therefore, additional urban WUE beyond planned BMPs
was not included in the Urban Delta Exporter's scenario. Agricultural WUE is present in
similar amounts across all of the scenarios.

Total costs are highest for the Urban Delta Exporters scenario due to assumptions of the
preference set. In addition to the WUE assumption described above, the preference set assumes
that the quantity of water requiring membrane treatment is more than twice the level in other
preference sets, based on information provided by Metropolitan (1999a). This increases the
water treatment cost significantly and increases brine losses from treated water. A sensitivity
analysis indicates that an isolated facility would avoid this extra cost, reducing the dry-year
cost of the Urban Delta Exporters scenario by $450 million.

There is sufficient urban WUE, urban recycling, and other measures (Colorado River Aqueduct
deliveries, South Delta improvements, and local projects) to meet all urban demand without
new Delta exports, but at a greater cost, as shown by the Delta Agriculture scenario. Without
new Delta export, the total dry-year cost for new urban water supply increases from

$1.92 billion per year (for the Unconstrained scenario) to $2.29 billion (for the Delta Agriculture
scenario).

Active conjunctive use projects are included in all scenarios. For the Environmental preference
set, half of the yield of conjunctive use projects, or 400 TAF, was assumed to be available for
environmental uses.

New surface storage measures are present in scenarios where they are not specifically
excluded (the Environmental scenario) or where more costly measures are required to be
implemented first (the Delta Agriculture scenario). It should be noted that high-yield
surface storage estimates were used for the stakeholder scenario analysis. The effect of using
low-yield estimates is addressed in a sensitivity analysis.

Subsidized pricing (defined here as charging a price below the average cost per acre-foot of the
water supply measure) is required if new surface storage water measures are to be available
for agriculture. Agriculture is willing to pay for some new conjunctive use, agricultural WUE,
and other measures (South Delta improvements) without subsidies. However, subsidies are
also required to make the more expensive conjunctive use and agricultural WUE measures
available to agricultural users. Two of the agricultural preference sets included new supply
priced at current cost of CVP or SWP supply. Under this policy, agricultural users in a dry year
would pay $70 to $75 million for water costing an average of $440 to $460 million to provide. If
agricultural water supply is subsidized, urban water users are forced to use other, more
expensive supply measures, so the cost for water to urban water users increases.
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1. SUMMARY

1.3.3 Sensitivity Analyses

The sensitivity analyses for urban demand regions are summarized in two figures.

Figure 1-3 shows the Unconstrained scenario results compared to all of the sensitivity
results related to supply quantities and costs. Figure 1-4 shows the Unconstrained scenario
relative to the variations on urban demand forecast and elasticity.

1.3.3.1 Isolated Facility

When the isolated facility is included with the Unconstrained preference set, total costs of new
supplies are reduced because of the assumed reduction in the costs of required treatment. The
gquantity of water exported to urban regions from the Delta increases and replaces urban
recycling and WUE, which have lower cost-effectiveness. The isolated facility is assumed to
decrease the treatment cost of water exported from the Delta because of improvements in raw
water quality. The total urban water demand is also slightly lower with an isolated facility
because of the avoided water losses associated with current treatment methods. However, if
new and promising water treatment technology is proven, then these relationships may not
hold (see 1.3.3.7 below).

1.3.3.2 Market Incentives for Land Fallowing

A market incentive of 100 percent is added to the foregone farming profit resulting from land
fallowing; this represents an inducement for farmers to enter the market and a way to cover, in
part, third party impacts. If the market incentive is reduced to 50 percent, there is a small
increase in the cost-effectiveness of land fallowing, because the market incentive is only a small
part of the total cost to the end user.

1.3.3.3 Delta Loss Factor

Initial screening of water supply measures was performed using a Delta loss factor of

35 percent. This factor was reduced to 20 percent after discussions with Delta experts and
stakeholders. The result of this adjustment to the Delta loss factor was an increase in the cost-
effectiveness of land fallowing and other water supply measures originating north of the Delta.

1.3.3.4 Supply from New Surface Storage

The supply data table shows high-yield and low-yield estimates for the supply and cost of each
new surface storage water-supply measure. The screening analysis was conducted using the
high-yield estimate. When the low-yield estimates were used instead, the quantity of supply
from new surface storage was reduced, as would be expected. In addition, the most costly
measure in the Unconstrained scenario was no longer cost-effective. The overall quantity
decrease of supply from new surface storage was approximately 66 percent.

1.3.3.5 Active Conjunctive Use

Conjunctive use supply and cost estimates are relatively uncertain. Conjunctive use projects
also have significant local and institutional unresolved issues. A sensitivity analysis was
therefore conducted to analyze a worst-case situation in which no conjunctive use projects
would be allowed. Results show that land fallowing and other local projects, such as brackish
water desalination, become more cost-effective while agricultural and urban WUE, urban
recycling, and new surface storage remain unchanged.
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1.3.3.6 Membrane Treatment Cost

This analysis uses different membrane treatment capacity and cost estimates provided by
Metropolitan in May of 1999 (Metropolitan, 1999a). The amount of treatment capacity
required in the South Coast is increased, but the unit capital and operating costs are less
than those included in the Unconstrained preference set. Results are similar to the
Unconstrained preference set, except that average retail water costs in the South Coast are
increased and about 115,000 AF more supply is needed to replace brine losses.

1.3.3.7 Ultraviolet Radiation Treatment Cost

This analysis assumes that ultraviolet radiation (UV) will become a viable alternative for
meeting drinking water disinfection requirements under 2020 water quality criteria. UV is
assumed to be relatively inexpensive, so average and marginal water costs are reduced
substantially. Lower costs increase demand, but less water is needed because there are no
membrane treatment brine losses. The increase in demand offsets the elimination of brine
losses so the need for new supplies is about the same as in the Unconstrained preference set.

1.3.3.8 Urban Delta Exporters Preference Set with Isolated Facility

This sensitivity analysis includes the preference of urban delta exporters for an isolated
facility. The isolated facility does not increase supply, but membrane treatment brine losses
are eliminated, and water treatment costs are reduced.

1.3.3.9 Urban Demand Elasticity

This analysis responds to uncertainty about the elasticity of urban water demand in 2020.
Most comments about 2020 demand elasticity suggested that it may be larger (more price-
responsive) than assumed. Therefore, the Unconstrained preference set for the two urban
regions (San Francisco Bay Region and South Coast) were re-evaluated with demand
elasticities of —0.1 and -0.2. Both of these assumptions reduce the amount of new supplies
required to meet demand in 2020. If marginal cost pricing is used, the San Francisco Bay
Region's use of new supplies with the —-0.1 and -0.2 elasticities is reduced by 15 and 27
percent, respectively. In the South Coast Region, the corresponding reductions in new
supplies are 8 and 21 percent. If average cost pricing is assumed, these reductions become
much smaller, because the new supplies cause less of an increase in price.

1.3.3.10 Urban Demand Forecast

The 2020 demand for additional urban water supply depends on uncertain factors, such as
population, climate, and operations. To consider these uncertainties, a range of forecasts for
new urban supplies was developed. The selected range was the baseline forecast plus or
minus 120 TAF in the San Francisco Bay Region and plus or minus 900 TAF in the South
Coast Region. This forecast range has a large effect on the amount and cost of new supplies.
The range exceeds almost all of the variation across preference sets and other sensitivity
analyses and suggests that factors affecting baseline demands and supplies may be as
important as the choice of new supply options.
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2. Approach

This chapter describes the approach taken in the EEWMA to analyze the cost-effectiveness
of different combinations of water supply and demand management measures. The
approach consisted primarily of:

e The development of stakeholders’ water management preferences
e The conversion of preferences into well-defined screening criteria

e The identification of costs and quantities of feasible water supply and demand
management options

e The screening of the options to create a set of water management scenarios

Figure 2-1 is a flow diagram that summarizes the EEWMA approach. It shows the many
components of the scenario development process and how they interact. Each component
(shown as a box on the flow diagram) is introduced and described briefly in this chapter.
Detailed descriptions of the components follow in later chapters.

Stakeholder participation was an important feature of the EEWMA scenario development
process. Monthly meetings were held in Sacramento to present new information and
analyses and to solicit discussion and guidance. Stakeholders provided important
information on the costs and quantities of water potentially available for some options. In
addition, numerous individual stakeholder meetings, conference calls, and other forms of
correspondence were used to promote the open flow of information.

Throughout this evaluation, an important distinction is maintained between preferences
and information. Preferences vary among the stakeholder groups; this variation is
represented by the restrictions or emphases on supply option types used in the different
scenarios. Information is intended to be objective and constant across all scenarios.

Most of the information used in this evaluation is demand or supply data. The quality of
information varies significantly, ranging from well-documented studies to expert judgment.
It was intended that evaluation would rely on existing information; some stakeholders
developed and provided new information and documentation that was incorporated into
the data sets.

In the screening analysis, the least-cost combinations of CALFED water supply measures
(including demand management) are identified subject to:

e The constraints and preferences expressed by stakeholders
e The regional urban and agricultural demand functions
e The best cost and quantity estimates available for supply measures
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2.1 Stakeholder Preference Sets

Preference sets were solicited from any stakeholder group willing to express them. Six
different preference sets identified with stakeholder groups emerged from this process. In
addition, an Unconstrained preference set and nine sensitivity analyses were developed.
Preferences could be expressed as constraints on option types used in the screening, the use or
omission of certain categories of costs, and cost-recovery assumptions. As mentioned above,
preference sets were not allowed to provide or use unique supply and demand data - all
screening had to use a single set of information.

A major task in developing the preference sets was translating preferences and values into
guantifiable criteria for use in screening. For example, a preference that certain water supplies
had to be “affordable” became a rule by which an appropriate water cost could be calculated.
Details on the preference sets and their implementation are provided in Chapter 3, Preference
Sets.

2.2 Demand Functions

End-user demand for water depends on numerous factors, including climate, population,
income levels, land use, existing water infrastructure and technology, and the price charged
for water. The relationship between the price of water and the quantity purchased, holding
all other factors constant, is called the demand function. The demand function shows the
amount that buyers want at different prices and expresses buyers’ willingness to pay for
additional amounts of water. Conversely, under conditions of actual or expected shortage,
the demand function estimates the cost imposed on water users by the shortage. Demand
functions are downward sloping, because the value of additional water declines as more is
provided. The degree of slope is determined by the “elasticity of demand,” which is,
literally, the percentage reduction in quantity purchased as a result of a percentage increase
in price. Elasticity expresses the responsiveness of water purchases to changes in price. A
very small response to a price change is called inelastic.

Demand functions are useful as planning tools, because the marginal value of water to users
can be compared with the marginal cost of providing it. If the marginal value of a new or
replacement supply is less than the cost of providing it, a purely economic decision criterion
suggests the supply not be provided. The screening analysis uses estimates of water
demand functions in the year 2020 to assess the least-cost mix of new or replacement water
supplies to municipal and agricultural users.

A set of the following five aggregated regions was deemed reasonable for screening: the

San Francisco Bay and South Coast Regions for urban demands and the Sacramento River,
San Joaquin River, and Tulare Lake Regions for agricultural demands. Environmental uses
of water are not explicitly included as demands in this evaluation; rather, they are treated as
requirements to be met before other demands.

The five demand regions correspond closely to hydrologic planning regions used by DWR
and are illustrated in Figure 2-2. Estimates of demand functions by region are presented in
Chapter 4, Baseline Assumptions.
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2. APPROACH

2.3 Supply Data

Supply data are the costs and quantities of different water supply or demand management
measures. For each measure, cost and quantity at the source are adjusted to account for
transaction costs, transport losses, and other cost and quantity adjustment factors.
Adjustments depend on both the source of the supply and the location of the demand.

The supply measures and their costs and yields are presented in Chapter 5, New Supply
Data. More detail about cost and quantity adjustments is provided in Chapter 6, Scenario
Implementation.

2.4 Other Analysis Issues

Several other issues related to data, approach, and assumptions were raised during the study.
These issues, which lacked an acceptable level of analysis or data and therefore required more
study, included groundwater management, demand elasticity, market effects and profit from

water transfers, and water treatment costs.

Groundwater management was not part of CALFED’s mission; thus, it is not included as a
goal or constraint in the economic evaluation. The analyses of other issues are described in
appropriate parts of this report.

2.5 Supply and Demand Screening Analysis
and Scenario Development

The initial plan of study called for a relatively quick and approximate screening of supply
measures for each of the preference sets. This was to be accomplished using a spreadsheet to
rank and select measures separately for each demand region. The resulting list of candidate
measures was then to be assessed more comprehensively using the Central Valley
Production and Transfer Model (CVPTM) to incorporate all demand regions and account for
transport costs and losses.

As the screening analysis progressed, it became more sophisticated and comprehensive, and
the additional benefit provided by the CVPTM modeling analysis diminished. CVPTM
analysis was therefore postponed and reserved for use as part of an integrated economic
and hydrologic evaluation, as described below. The primary reasons for this decision were:

e The CVPTM data and sensitivity analyses provide important information for the
screening analysis, including water supplies and costs available from land fallowing,
agricultural demands for new water supplies, and the costs of and losses from
transferring water between regions.

e The screening analysis allocates supply measures among potential demand regions
using two different allocation rules. Therefore, each demand region is evaluated in
conjunction with all other demands (one of the important benefits of using the CVPTM).
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e Because the CVPTM and the screening analysis use essentially the same data, the water
supply measures identified by the two approaches are bound to be virtually identical.
This was verified when the CVPTM was used to evaluate the unconstrained scenario.

The outcome of the screening analysis, which is described in Chapter 7 and discussed in
Chapter 8, was a set of supply and demand scenarios that met the conditions established by
each preference set at minimum cost. A series of demand-supply graphs and tables was
created to illustrate the scenarios; these graphs and tables are provided in Appendix A. One
scenario was developed for each preference set. Water supplies, locations, and costs were
displayed for the scenarios.

The preliminary results of the screening were then reviewed with the stakeholder
representatives, who were given an opportunity to modify their stated preferences if they
chose. Sensitivity analyses were developed to highlight some key areas of uncertainty.

Concerns were raised about adverse regional, third-party impacts that might result from
options involving the transfer of water out of an existing use. In particular, the impacts of
water made available from fallowing agricultural land were questioned. A regional
economic input-output model (IMPLAN) was used to assess these impacts on a preliminary
basis. The results of the IMPLAN analysis, which are described in Appendix B, were not
directly incorporated into the screening analysis.

2.6 Integrated Economic and Hydrologic Evaluation

It was an important limitation of the screening analysis that hydrologic constraints or
impacts were not considered comprehensively. Some assumptions were made, for example,
about Delta pumping capacity and feasible transfers of new or existing water supplies. It
was recognized from the start of the study that scenarios would have to be subjected to a
more integrated evaluation.

Therefore, scenarios developed in the screening evaluation will be analyzed using an
integrated economic and hydrologic evaluation procedure currently being developed and
tested. The procedure will link the California operations planning model (DWRSIM) with a
conjunctive surface and groundwater model (CVGSM) and with two economic models:
CVPTM and the Least-Cost Planning Simulation Model (LCPSIM). CVPTM will be used to
assess agricultural water supply costs, benefits, and associated land-use impacts resulting
from new supplies or transfers of existing supplies. LCPSIM will be used to estimate least-cost
urban water supplies under different assumptions about local conservation, drought
contingencies, and water transfer activities.

The outcome of the integrated evaluation will be a refined set of scenarios, and potentially
some new scenarios, that will assist CALFED in planning and policy decisions.
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3. Preference Sets

Stakeholder groups have different opinions about how water supply reliability should be
improved. To convert those opinions into the elements of water supply scenarios, it was
necessary to define them and quantify them relative to availability and cost.

Stakeholder groups were identified based on previous input they had provided to the
CALFED planning process. The participating groups were:

e Environmental Groups

e Urban Delta Exporters

e Urban In-Delta Diverters

e Delta Agriculture

e Sacramento Valley Agriculture
e San Joaquin Valley Agriculture

Stakeholders themselves decided whether and how to combine individual opinions into a
common preference set. In addition to the stakeholder preference sets, an “Unconstrained ”
preference set was developed to provide a base against which the effect of different
stakeholder preference sets could be measured.

Stakeholder preferences were developed by reviewing written comments the groups had
made on previous DWR and CALFED water supply planning efforts, by reviewing recent
verbal comments, and by interviewing representatives of each group. Preferences were
specified for each of the water supply option types, for cost, and for water allocation (see
Table 3-1). The stakeholder groups were given the opportunity to revise and refine their
preference sets as they saw the implications of their preferences on water supply scenarios.

The preference sets are shown in Table 3-1. All preferences regarding water supply option
types are characterized as minimum, maximum, or unconstrained. If a supply option is
“unconstrained,” any supply measure within that option type will be included in a scenario
if it is cost-effective. A water supply measure is considered cost-effective if it is the least
costly measure for providing the next increment of water supply needed to meet demand.

"Minimum?” identifies the supply quantity required to be included in a water supply
scenario, regardless of the cost. For example, if a preference set specifies a minimum
quantity for urban WUE, the water supply scenario includes that amount as a minimum,
using the least expensive units available. Additional urban WUE measures are included if
they are cost-effective.

"Maximum” identifies the supply quantity that cannot be exceeded, even if additional
measures are cost-effective. For example, if a preference set specifies a maximum amount
for land fallowing, the water supply scenario includes no more than that amount. Land
fallowing measures are included in the water supply scenario only up to the maximum
amount, or to the amount at which all supplies meet demand, whichever is reached first.
Water allocation preferences affect the amount of water provided to each of several demand
regions when a supply measure is cost-effective for all of them. Water allocation rules did
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not become a strong differentiator of scenarios in this analysis. As explained in Chapter 6, a
common water allocation routine is used across all stakeholder preference sets. The only
deviation from this routine is that the Environmental preference set specifies that half of the
yield from active conjunctive use is to be reserved for environmental purposes. To model
this preference, water supplies from all active conjunctive use supply measures are halved.

Cost allocation preferences affect the amount of supply measure cost paid by each user. Cost
allocation is an important differentiator for the agricultural preference sets, where
substantial subsidies are required to make new conjunctive use and surface water supplies
inexpensive enough to be used by agriculture. For Urban Delta Exporters, cost allocation is a
less important differentiator for isolated facility costs. Retail water pricing became a
significant issue during the stakeholder elicitation process. Two common types of pricing
are marginal cost pricing, in which the price of water equals the cost of the last unit of
developed supply, and average cost pricing, in which price equals the average cost of all
supplies developed, including pre-existing supplies. Marginal cost pricing was selected for
use with the Unconstrained and Environmental preference sets. All other preference sets use
average cost pricing. With the assumed demand elasticity, the choice has little effect on the
amount of water used.

Some stakeholder groups strongly believed that an isolated facility should be included in
some preference sets. For consistency with CALFED principles and policies, the isolated
facility is not considered a water supply measure in this analysis, but rather a method for
improving the quality of Delta water exports. All preference sets are evaluated with no
isolated facility. Sensitivity analysis is used to evaluate the cost and water supply
implications of including an isolated facility in the Unconstrained and the Urban Delta
Exporters preference sets.
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TABLE 3-1

Summary of Stakeholder Preference Sets

Preference Sets

Water Supply Options Unconstrained and Environmental Urban Delta Urban In-Delta Sacramento Valley
No Subsidies Groups Exporters Diverters Delta Agriculture Agriculture San Joaquin Valley Agriculture
Urban Water-Use Efficiency Unconstrained Minimum and Maximum: BMPs Unconstrained (After Minimum: All urban WUE measures identified on Unconstrained
(After implementation of BMPs) except 632,000 acre-feet implementation of BMPs) water supply data table (After implementation of BMPs)
(applied water) in South Coast
Agricultural Water-Use Unco (After il ion of EWMPs) Unconstrained (After implementation of EWMPs): Any real water savings reserved for local use
Efficiency
Urban Recycling Unco Minir : The most cost-effective half Maximum: Unconstrained Minimum: All urban recycling and “other” measures Unconstrained
of all urban recycling measures 500,000 acre-feet identified on water supply data table
identified on water supply data table in South Coast
Unconstrained: All other
Land Fallowing Unconstrained : No land ing in Uncol (May limit after Maximum: None in Delta, but consider crop shifting No p land for : No p land for
average years. Limit consideration of regional Unconstrained: Al other water supply. Limit the total land fallowing for water supply. Limit the total land fallowing for
land Fallowing to 400,000 acre- impacts) i water supply in dry years to 5% of land irrigated | water supply in dry years to 5% of land irrigated
feet for South Coast supply in with surface water within any region. with surface water within any region. Transfers
dry years among SWP contractors constrained by
Monterey Amendment.
Active Conjunctive Unconstrained Unconstrained: Half of supply Unconstrained Maximum: 250,000 acre-feet of storage in the | Maximum: 1,000,000 acre-feet of storage in the
Use/Groundwater Banking dedicated to environment Sacramento Valley San Joaquin Valley
New Surface Storage Unconstrained Maximum: None Unconstrained Maximum: None in Delta on organic soils® Minir In Sacramento Valley, Minii : Additional amount needed to make
Inconstrained: All other amount needed to make up for past losses up for past losses
Unconstrained; othe (in Sacramento Valley first, then San Joaquin
Valley)
Other Supplies Include CRA deliveries, South Delta improvements, and local projects if cost effective. Maximum: No South Delta improvements included
unless Colorado River Aqueduct is used at capacity
Criteria for Cost A No to a ltural or No to agricultural or urban Average cost pricing of new If adverse water quality impacts | If adverse water quality impacts found, charge Replace, at current costs, agricultural water that has been reallocated to environmental purposes.

Water Allocation, and Pricing

urban water users. New water
supply allocated based on

water users. New water supply

allocated based on willingness to pay.

g to pay. Marginal cost
pricing of new water supply.

ginal cost pricing of new water
supply. Environmental half of
conjunctive use subsidized.

water supply.

found, charge beneficiaries to
recover full mitigation costs.
Average cost pricing of new
water supply.

beneficiaries to recover full mitigation costs.
Subsidize urban WUE and recycling to make
competitive. Average cost pricing of new water
supply.

Average cost pricing of new water supply.

Spreck Rosenkrans/EDF Barry Tim Blairl MWD Byron Buckl CUWA Tom Zuckerman/ CDWA Dan Keppen/NCWA B.J. Miller/ SLDMWA
Nelson/STB Ronnie Cohen/NRDC B.J. Miller'SCVWD Wendy llingworth/ CUWA Bill CurtissNCWA Laura King/lSLDMWA
Byron Buck/ CUWA Denise Phelps/ CUWA Brice Bledsoe/ CVPWA Terry Erlewine/ SWC
Wendy llingworth/ CUWA Peter MacLaggen/CUWA Jason Peltier/ CVPWA Brice Bledsoe/ CVPWA
Denise Phelps/ CUWA Fran Garland/CCWD Jason Peltier/ CVPWA
Peter MacLaggen/ CUWA Ed FormosalStockton Dan Fults/FWUA
Andy Sienkiewich/ MWD Bill Mark Madison/ Stockton Cliff SchultzZlKCWA
Jacoby/SDCWA David Tompkins/Vacaville Jon RubinlWWD
Tom ErbILADWP Richard Denton/CCWD
Linda Lilley/Diablo Water David
Okital SCWA
Comment Letters on Bulletin Bay Institute Pacific Institute EWC STB | SCYWD MWD CUWA CCWD SCWA CDWA SDWA GCID SLDMWA

160-98 or CALFED:

“City of Stockton does not support this position.

Maximum = Scenario includes cost-effective options up to but not more than the amount specified.
Minimum = Scenario includes specified options even if other options are less expensive
Unconstrained = Scenario includes any cost-effective option, given willingness to pay.

NCWA = Northern California Water Association
NRDC = Natural Resources Defense Council
SCVWD = Santa Clara Valley Water District

SCWA = Sacramento County Water Agency
SDCWA = San Diego County Water Authority
SDWA = South Delta Water Agency

SLDMWA = San Luis Delta Mendota Water Authority
STB = Save the Bay

SWC = State Water Contractors

WWD =Westlands Water District

CCWD = Contra County Water District

CDWA = Central Delta Water Agency

CUWA = California Urban Water Agencies

CVPWA = Central Valley Project Water Users Association
EDF = Environmental Defense Fund

EWC = Environmental Water Caucus

FWUA = Friant Water Users Association

GCID = Glenn-Colusa Irrigation District

KCWA = Kern County Water Agency

LADWP = Los Angeles Department of Water and Power
MWD = Metropolitan Water District of Southern California (Metropolitan)
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4. Baseline Assumptions and Methods

This chapter presents the assumptions upon which the economic evaluation was based.
Common assumptions and assumptions used specifically to develop year 2020 demands
and supplies for municipal and agricultural regions are described.

4.1 Common Assumptions

Some common assumptions used throughout the analysis are:

e All demands and supplies are estimated under year 2020 conditions. Municipal water
demands are based on 2020 population levels, and agricultural demands are based on
2020 agricultural land-use estimates.

e A dry water supply condition is used as the basis of the analysis. The definition of the
dry condition varies somewhat for different supply measures and cost and demand
estimates. Generally, the analysis defines a dry year as a 1-in-5-year event or as the
average condition during the period 1928 through 1934*,

o All dollar values are expressed in current dollars. The most recent cost estimates
available are used, so the estimates can be viewed as representing 1998 price levels.
Inflation between now and 2020 is not included in the analysis, but price increases (or
reductions) resulting from changes in market conditions are included.

4.2 Demand Assumptions (Year 2020)

4.2.1 Municipal

The screening analysis uses municipal water demand functions to capture the impact of
retail water price changes on water use. The demand functions were developed from
information on the 2020 baseline price and quantity demanded (a point) and the elasticity of
demand (the slope).

Retail quantity information for the San Francisco Bay Region was provided by DWR (1998).
The quantity demanded is estimated to be 1.317 MAF. The demand quantity represents the
net demand remaining after new conservation from BMPs of 0.176 MAF of applied water.
The baseline price, from data for individual districts in the region, is estimated to be $691.

For the South Coast, quantity and price information were obtained from Metropolitan Water
District of Southern California (Metropolitan) (1999b) and DWR (1998), respectively.
Baseline price is assumed to be $625, as suggested by DWR (1998). A baseline quantity of
5.519 MAF from DWR is increased 0.151 MAF based on Metropolitan information (1999b).
The quantity is increased 0.079 MAF more to account for the higher 2020 price used in the
Metropolitan forecast (Metropolitan’s forecast amount was based on a higher water price, so
demand was increased by the lower baseline price used in this analysis). Finally, demand is
increased 4 percent more to account for the net influence of drought and drought
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conservation. The demand quantity represents the net demand remaining after assumed
implementation of BMPs (0.134 MAF), natural replacement and remodeling (0.197 MAF),
and the 1990 plumbing code (0.317 MAF), resulting in a total conservation of 0.628 MAF.

Elasticity of demand is an important technical issue in the screening process because of its
role in inducing additional conservation from higher water prices. The closer the elasticity is
to zero, the less conservation is induced by higher water prices. DWR presented new
evidence (Renwick, et al., 1998) that suggests single-family residential demand elasticity is
currently —-0.16. Metropolitan (1999c) provided data for southern California showing single-
family, multifamily, and non-residential demand elasticities of —0.19, -0.16, and —-0.01,
respectively, and suggested that elasticities in 2020 should be reduced to —0.064, -0.054, and
-0.003, respectively. Demand tends to become more inelastic over time with additional
conservation because of a phenomenon called demand hardening — as more water-
conserving activities are implemented, water users have less flexibility to respond to future
price increases. The demand baseline quantities described above already account for new
conservation. Many water conservation options are assumed to be implemented in the
BMPs and are no longer available to help retail users reduce their use, so demand will be
less price-responsive in the future.

A working group of economists participating in the economic evaluation stakeholder
meetings reviewed the new estimates and agreed that, for purposes of this evaluation, the
elasticities cited above should be used. These elasticities are weighted by their share of use
and summed to obtain a 2020 demand elasticity of —0.042 for all municipal use. This
elasticity is used in the screening analysis with the baseline price and quantity points to
calculate the demand function. A sensitivity analysis is used to assess the effect of higher
demand elasticities on quantity demanded and supplies purchased. The analysis uses a
constant elasticity of demand (CED) function, which is a commonly used form in empirical
economic work. The CED has the mathematical form

1) Q = APEd,
where

Q is the quantity demanded,
A is a coefficient,

P is price, and

Ed is the elasticity of demand.

The coefficient A is calculated from the baseline quantity, price, and elasticity by
2) A = Q/PEd,

The 2020 demand levels with and without new conservation, prices, and demand
coefficients A are shown in Table 4-1. It should be noted that demand elasticity may actually
vary from place to place, and demand may be more or less elastic depending on price,
incomes, or future technology, among other factors. The CED functions assume elasticity is
the same over all prices, and none of the other factors, such as increasing income over time,
has been addressed.
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TABLE 4-1
Demand Data and Calculations to Develop Demand Functions Used in the Screening Analysis

San Francisco Bay Region  South Coast Region

2020 Demand Level from Bulletin 160-98,

Average Condition (TAF) 1,317 5,519
Adjustments to Demand for Metropolitan (1999c, c) 0 230
Adjustment to Demand for Dry Condition (4%) 0® 230
Demand in 2020 (TAF) 1,317 5,979
Retail Price in 2020 ($/acre-feet) $691 $625
Elasticity Estimate (Ed) -0.042 -0.042
Coefficient A in Q = AP® 1,733 7,835
Demand in 2020 without BMPs (TAF) 1,493 6,611

Coefficient A in Q = AP
Without BMPs (Ed = -0.125) 3,381 14,774

@San Francisco Bay Region demand is not increased in the dry condition, but no drought demand management is
included either.

4.2.2 Agricultural

Agricultural demand for water is influenced by the mix of crops irrigated, which in turn
depends on market demand for farm products. The demand for water supplies developed as
part of CALFED is also crucially dependent on the availability and cost of groundwater. In
most agricultural production areas in California, including the dominant Central Valley,
groundwater can be used with little or no legal restriction. As a result, one of the most
important determinants of demand for a new CALFED-developed water supply is the cost of
groundwater pumping. Irrigation system technologies used also affect the total demand for
water applied by irrigation. Reductions in non-recoverable losses from irrigation delivery
reduce the total water demand. The adoption of water-saving irrigation technologies depends
on their cost relative to existing technologies and relative to the value of the water saved.

4.2.2.1 Analytical Approach — Central Valley Production Model

To estimate the future agricultural demand for water, a model was used to account for all
three of the important factors — crop mix, cost of groundwater, and irrigation technology.
The model, called the Central Valley Production Model (CVPM), was originally developed
by the DWR as a planning tool. It has been significantly enhanced with data and capabilities
over the last 5 years. It has been used as the basis for the analysis of impacts of the CVPIA,
Trinity River re-operation, and CALFED studies and is used to assess future crop supply
responses and water use in DWR Bulletin 160.

The CVPM contains a comprehensive database of crop acreage, prices, yields, water use,
and costs of Central Valley irrigated agriculture. Data are drawn from numerous sources,
including the DWR, Reclamation, County Agricultural Commissioners, irrigation districts,

SAC\136472\0CT991004.D0C 43



4. BASELINE ASSUMPTIONS AND METHODS

and the University of California (U.C.) Cooperative Extension. The model contains
information on 26 crop categories and 22 regions in the Central Valley, and it accounts for
water supply from CVP, the State Water Project (SWP), locally held water rights, and
groundwater.

A detailed description of the CVPM is available as a technical appendix to the CVPIA Draft
PEIS (Reclamation, 1997). That document describes CVPM’s mathematical structure, data,
calibration, model testing, and model implementation. A variation of this model, the
CVPTM, is used in most of the analysis for this report. Basic crop and water supply
information is identical in the two models — CVPTM adds the capability to assess water
transfers from existing sources to demand regions. An 11-region version of the model is
used in the analysis to estimate water demands. The 11 regions, shown in Figure 4-1, are
aggregated to the 3 agricultural demand regions. For purposes of this study, regions 1
through 4 are assigned to the Sacramento River Region, regions 5 through 8 are assigned to
the San Joaquin River Region, and regions 9 through 11 are assigned to the Tulare Lake
Region.

4.2.2.2 Baseline 2020 Conditions Used for Analysis

To estimate the economic effects of CALFED water management alternatives, water supply
and land-use conditions without CALFED are estimated. These “baseline” conditions are
important, because they determine the starting point for estimating any changes resulting
from CALFED water management alternatives. For example, a starting condition of greater
water scarcity results in higher unit values for additional agricultural water supply. This
unit value is called the “marginal willingness to pay” for additional water, or sometimes just
the “marginal value (MV),” of water. The MV of water varies by location, use, and
hydrologic year type.

For this analysis, we assume that the following conditions describe the baseline.

e Agricultural land use, crop demand, and water supplies are based on estimates in DWR
Bulletin 160-93 unless modified by more specific assumptions or analyses. This is the
current data set in the CVPM.

o CVPIA dedicated water (so-called (b)(2) water), water pricing, land retirement, and
water acquisition provisions have been implemented.

e CALFED common programs have not been implemented, with the exception that
CALFED’s ERP is included, as explained below. The ERP includes a potentially large
amount of water and land acquisition for environmental restoration.

The combination of CVPIA and CALFED land and water acquisition could have a large
cumulative effect on agricultural water use and on the MV of agricultural water supply. At
the time future water demands were being estimated for this analysis, no comprehensive
hydrologic analysis had been completed that estimated the impacts of CVPIA and
CALFED’s ERP.

To represent the combined effects of these two programs, CVPIA Alternative 4 conditions are
used as a proxy. Alternative 4 included the largest amount of water acquisition and reduction
of agricultural water deliveries of the four alternatives assessed in the Draft PEIS
(Reclamation, 1997). Therefore, of the comprehensive hydrologic analyses available at the
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time, this alternative appeared to represent most closely the future conditions with both
CVPIA and CALFED ERP implementation. Relative to the estimates in Bulletin 160-93,
important differences are:

e The retirement of 75,000 acres of land on the western side of the San Joaquin Valley.

e The reduction in CVP water delivery (measured here as a change in applied irrigation
water) of 364,000 acre-feet on average and 377,000 in the dry condition.

e The acquisition of up to 800,000 acre-feet of additional water for instream flow and Delta
outflow, primarily from the San Joaquin River tributaries. As a result of operational
constraints, an average of about 710,000 acre-feet was estimated to be acquired.

The net result of using Alternative 4 as a baseline condition is that the MV of water for
irrigation is higher than under existing conditions, especially in the San Joaquin River and
Tulare Lake Regions.

4.2.2.3 Use of CVPTM to Derive Agricultural Water Demands

Agricultural water demands are estimated for the Sacramento River Region, San Joaguin
River Region, and Tulare Lake Region. Water demand is estimated by changing surface
water supply from the baseline in small, fixed amounts. This is done in each of the model
regions, using CVPTM to estimate the MV of irrigation water at each step. The results are
compiled and used to trace a relationship between changes in applied irrigation water and
changes in the MV of irrigation water. Water demand elasticities are estimated for each
agricultural region by dividing the percentage of change in applied water by the percentage
of change in the MV of water. This is done for each increment of applied water increase
relative to the base level. Elasticities estimated in this way are called arc elasticities. The
results of this analysis are shown in Table 4-2. Based on this analysis, the following
elasticities of demand for irrigation water supply are used in the screening analysis: -0.18 for
the Sacramento River Region; -0.28 for the San Joaquin River Region; and -0.24 for the
Tulare Lake Region.

TABLE 4-2
Results of Parametric Estimation of Agricultural Water Demand Elasticities

Regions Increments of Increase in Applied Irrigation Water

Sacramento River

Change in Applied Water (%) 0 2.0 3.9 5.2 5.5
Marginal Value of Water ($/AF) 57.0 50.6 44.5 39.8 38.5
Arc Elasticity of Demand -0.18 -0.18 -0.17 -0.17
San Joaquin River

Change in Applied Water (%) 0.0 2.0 4.0 6.0 8.0
Marginal Value of Water ($/AF) 147.7 136.3 126.6 116.9 107.3
Arc Elasticity of Demand -0.26 -0.28 -0.29 -0.29
Tulare Lake

Change in Applied Water (%) 0.0 2.0 4.0 6.0 8.0
Marginal Value of Water ($/AF) 151.3 138.5 125.7 113.4 101.1
Arc Elasticity of Demand -0.24 -0.24 -0.24 -0.24
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The elasticities are used, along with the estimates of the 2020 baseline quantity and price, to
create regional demand functions for irrigation water. The functional form and procedure
are the same as described for the municipal demands. Table 4-3 summarizes the baseline
applied water, MV, elasticity, and agricultural demand function coefficient for each
agricultural region.

TABLE 4-3
Data and Calculations to Develop Agricultural Demand Functions Used in the Screening Analysis
Sacramento San Joaquin  Tulare Lake
River Region River Region Region
2020 Applied Water Estimate, CVPIA Alternative 4, Dry 7,182 4,518 8,547
Condition (in 1,000 acre-feet)
Marginal Value of Irrigation Water in 2020 ($/AF) 57 148 151
Elasticity Estimate (Ed) -0.18 -0.28 -0.24
Coefficient Ain Q = AP (Ed) 14,870 18,307 28,495

4.3 Supply Assumptions (Year 2020)

4.3.1 Municipal

Baseline supply levels include all existing supplies and new supplies currently planned to
be in place by 2020. Baseline supplies include SWP and CVP supplies, existing local
supplies, including reclamation and groundwater, and local surface storage. Most baseline
supply amounts are from data provided by DWR (1998), except that SWP and CVP export
supplies are based on DWRSIM run 675. At the time of this study, CALFED used DWRSIM
run 675 as its hydrologic baseline. Therefore, the DWRSIM Run 514 supp